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Abstract 
Nowadays photovoltaic cell is one of the most important way to extract  solar energy when  
extracted power from solar can be directly converted  to electricity by photovoltaic cell. In this 
paper, new soft switching inverter based on SEPIC converter is presented. Component count in this 
inverter is low and high voltage gain ratio is provided. High voltage conversion ratio is provided by 
high frequency transformer, so losses is lower and inverter is more efficient than other previously  
introduced inverter. Thereby by using transformer system overall efficiency is improved. Also, a 
soft switching circuit is introduced for proposed inverter which provide ZVT condition for it. To 
make it suitable for connection to ac main, the output voltage of the inverter is adjusted in such as 
way that have peak of 310V. All operation mode of the proposed converter  will be discussed and 
the simulation result for it will be presented. 
Keywords: AC module, High step up Isolated SEPIC Inverter, Maximum Power Point 
Tracking, Sepic Converter, Soft Switching, Solar Energy 
Introduction 
Nowadays there is a increasing demand to extract more energy from the available energy of 
solar. so photovoltaic cell has been widely valued and employed. In the past few year photovoltaic 
cell structure based on AC module become more popular. In this structure  dc electricity directly 
converted  into ready to use AC power and eliminate the need for expensive dc  wiring and reduce 
complex design and installation process  associated with traditional dc solar power systems. This 
module employed a specified power electronic circuit or inverter for each solar cell. Due to this each 
array has a independent MPPT controller which increase extracted  power and improved systems 
efficiency. But it is must noted, each connected inverter to solar cell has some losses and due to 
large number of this inverter system overall efficiency sufficiently reduced. many searcher have tied 
to reduce losses associated with this inverters. Switch losses is great source of the losses when 
current and voltage of the switch experience considerable overlap in switching instance. so many 
power is vested as heat in switching component. soft switching technique reduce switching losses 
when  first switches current or voltage had falled to zero before switch is gated on or off. SEPIC 
converter with coupled inductor which boost voltage gain ratio and improving efficiency is proposed 
in this paper.  
 Figure 1: Hard switching inverter with high voltage gain and efficiency 
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New resonant auxiliary circuit is employed to provide soft switching condition for converter 
main switch. In following  operation of the proposed converter is explained then a soft switching 
circuit is introduced and finally simulation is performed by PSIM software .By using simulation 
result  it efficiny in soft switching converter is copared with that of hard switching counterpart. Аs 
shown in Figure (1) (Ghasemi, Adib & Mohammadi, 2011). 
As can be seen this inverter using a SEPIC converter when its transformer replaced by a 
three winding transformer. inverter primary side compose of a high frequency switch of SWଵ, coupled inductor of  L୫ଵ, a intermediate capacitor of C, and primary winding of the transformer with its magnetizing inductance of  L୫ଶ which represented in primary side. number turn for primary, 
secondary and Tertiary is as n1:n2:n3 and turn ratio ୬మ୬భ and 
୬య
୬భ are same and is equal with n and for 
coupled inductor number turn for primary, secondary and Tertiary is as n4:n5:n6 and turn ratio ୬ఱ୬ర  
and ୬ల୬ర are same and is equal with m. output side of the converter has two section when in each  section one output winding of the coupled inductor and main transformer is connected in series and 
followed by series connected  low frequency diode and switch. This inverter can be used in low 
power AC module. 
The input of the inverter will be connected to solar cell. Due to high voltage gain ratio 
additional step up converter will not be required. A output voltage with peak of 310V is produced 
that can be used in grid and local load. And by using proper controller a MPPT algorithm can be 
implemented for solar cell which in all condition extracting maximum power is satisfied. In this 
inverter high step up voltage gain is obtained without any increase in main switch voltage stress, so 
switch with lower voltage rating which has superior feature can be used (Veerachary, 2005; Duran 
et al, 2005; Saleh Riahi & Amini, 2015). 
Hard and soft switching 
As motioned previously switching power converter can divided to two category of hard and 
soft switching in hard switching converter as shown in figure (2) current and voltage have some 
overlap in switching instant and this result in additional losses in switch which released as heat. In 
soft switching technique current and voltage fall or keep  in zero state in switching instant so 
switching losses reduce considerably. 
 
Figure 2: Hard switching and switch losses 
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Proposed converter 
SEPIC converter with soft switching 
As shown in figure (3) a auxiliary circuit is added to main circuit of the proposed inverter to 
provide soft switching condition. Auxiliary circuit consist of a auxiliary switch, a resonant inductor, 
three diode and a snubbed capacitor parallel with main switch. auxiliary circuit provide ZVT 
condition for main switch  and output diode in turn off transition and also zero current condition for 
turn off transition of auxiliary switch. so losses decrease and converter efficiency is improved. 
 
Figure 3: Soft switching inverter with high voltage gain and high efficiency 
Operation mode of the soft switching SEPIC inverter  
Proposed converter to have ZVS condition must controlled in such as way that before the 
main switch is turned on, its voltage is reduced to zero so turn on transition occur with zero voltage 
condition and when switch become on its current increase slowly. Converter has five operation 
mode in half of the switching cycle. 
Mode1 (t୭ ൏ ݐ ൏ tଵ): Before first mode is assumed main switch and auxiliary switch are in off state. Cs is charged to Vcs. In this condition D1 is on and voltage across primary side of the 
transformer is 	௏೚ೠ೟ି௠௏ಽ೘భ௡  . Mode begin by turning auxiliary switch on, when auxiliary switch become on D1 is blocked and due to DCM operation resonance between Lr and Cs start. capacitor 
voltage increase when inductor current decrease equation for bath are given by: 
i୐୰ ൌ ୚ౙ౩ି୚౟౤୞బ Sinሺω୰ሺt െ t଴ሻሻ                                                                        (1) Vେୱ ൌ ሺVୡୱ െ V୧୬ሻCosሺω୰ሺt െ t଴ሻሻ                                                                                (2) ZO and Wr and Tr are given by: 
Z଴ ൌ √ሺ୐౨େ౩ሻ                                                                                                                              (3) 
ω୰ ൌ ଵ√୐୰େୱ                                                                                                                               (4) 
T୰ ൌ 2π√LrCs                                                                                                                         (5) Mode2 (tଵ ൏ ݐ ൏ tଶ): Second mode start when Cs voltage reaches to zero and so switch body diode start to conduct and voltage of Vc place across magnetizing inductance and their current 
start to increase voltage across Lr is given by: 
V୐୰ ൌ െV୧୬	                                                                                                                             (6) Equation for magnetizing inductance current is calculated as follow: 
I୐୫ଶ ൌ ୚ౙ୐ౣ ሺt െ tଶሻ ൅ I୐୫ଶሺtଵሻ                                                                                                (7) 
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Mode3 (tଶ ൏ ݐ ൏ tଷ): When body diode of the main switch is on, it can be turned on with zero voltage condition. by turning main switch on its current start to increase slowly. during of this 
mode current of auxiliary inductance decrease until reaches zero in end of this mode . 
Mode4 (tଷ ൏ ݐ ൏ tସ): By reaches auxiliary switch current to zero it can be turned off with zero current condition. during this mode main switch is on and magnetizing inductance is in 
charging condition . 
Mode5 (tସ ൏ ݐ ൏ tହ): This mode start with turning main switch off ,capacitor of Cs start to charge slowly  so switch turn off transition occur with zero voltage condition. when Cs completely 
charged, D1 conduct and magnetizing inductance start to decrease . 
Mode6 (tହ ൏ ݐ ൏ t଺ሻ: During this mode power transferred to output load  and capacitor. The key waveform for proposed converter is shown in figure (4). 
 
Figure 4: Key waveform for proposed soft switching isolated SEPIC converter with high 
voltage gain 
Also converter equivalent circuit for each mode is shown in figure (5). 
 
 
 
 
 
 
 
 
Figure 5: Equivalent circuit for different operation mode of the proposed converter 
(a)Mode1 (b)Mode2 (c)Mode3 (d)Mode4  (e)Mode5 (f)Mode6 
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Design 
Proposed inverter for better stability must be operate in DCM condition. To assure DCM 
condition  magnetizing inductance must be design is such as way that  have current ripple greater or 
equal with its average current value. This value calculated from: 
I୐୫ଶ ൌ ୚౟౤ୈ୘୐ౣమ                                                                                                                            (8) Also average of the current of the magnetizing inductance is calculated from: 
൏ I୐୫ଶ ൐ൌ ୬୔୚౥౫౪                                                                                                                       (9) 
L୫ଶ ൌ ୚౥౫౪୚౟౤ୈ୘ଶ୬୔                                                                                                                     (10) Current ripple in coupled inductor and equation of the coupled inductor average current are 
given by  
I୐୫ଵ ൌ ୚ిୈ୘୐ౣభ                                                                                                                           (11) 
൏ I୐୫ଶ ൐ൌ ୫୔ሺଵିୈሻሺ୫ା୬ሻୈ୚౟౤ ൅
୔
୚౟౤                                                                                                  (12) According to above equation, magnetizing inductance of the coupled inductor is calculated 
as: 
ܮ௠ଵ ൌ ଶ௠௉ሺଵି஽ሻ௏೔೙మ஽మ்ሺ௠ା௡ሻ ൅
ଶ஽
௏೔೙మ஽்                                                                                                (13) According to voltage ripple, capacitor of C1 and C2 is  obtained as follow: 
ܥଵ ൌ ூಽ೘భ஽்௱௏೎భ                                                                                                                            (14) 
ܥଶ ൌ ௉்௏೚ೠ೟௱௏಴మ                                                                                                                         (15) 
Simulation result  
Simulation result for hard and soft switching condition is provided as follow, component 
value in simulation are depicted in table (1) (Saleh Riahi & Amini, 2015). In this simulation 
component assumed ideal and output load is inductive -resistive. Schematic of the simulated circuit 
associated with its control circuit are shown in figure (6), as can be seen switching losses reduced in 
soft switching converter and overall efficiency is improved. Also due to elimination overlap 
between current and voltage of the switch in switching instance, operation with higher switching 
frequency is possible. Circuit noise effect is reduced. Also, switching component with lower Wight 
cost  and less volume can be used. 
 
Figure 6: Shematic of the swit switching inverter which simulated with PSIM software 
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Table 1: Component value in simulation 
Value Component 
2 µH couple inductor (Lm1) 
2 µH magnatizing inductance of the transformer 
5 nF capacitor of C 
20 µF output capacitor (Co) 
50 ῼ output load (Ro) 
31 V AC reference voltage (Vref) 
50 V input voltage (Vin) 
100 KHZ frequency of the main switch (S1) 
50 HZ frequency of the output switch 
4 transformer turn ratio (n) 
4 coupled inductor turn ratio (m) 
1 µh auxiliary circuit inductor (Lr) 
5 nF resonance capacitor (Cs) 
Main switch current and voltage in hard switching and soft switching condition are shown in 
figure 7(a) and (b) respectively. As can be seen overlap between current and voltage in turn on 
instance is eliminated and switch is turning on with ZVT condition. 
 
 Figure 7: Current and voltage waveform for main switch (a)hard switching (b)soft switching 
It is seen that auxiliary switch has ZVS condition in turn on instant and ZCS condition in 
turn off instant .Current and voltage for auxiliary switch  are shown in figure (8). Current waveform 
is magnified for better display of soft switching condition . 
 
Figure 8: Current and voltage waveform for main switch 
A
B 
  
                                                                                             Javad Saleh Riahi, Mohammad Javad Ghasemi Ahmad Abadi 
 
 
 
Openly accessible at http://www.european-science.com                                                     735 
 
Result show current and voltage overlap reduced to minimal in auxiliary switch and 
improving conversion efficiency. Not only converter switches but also main diode operate with zero 
current turn off condition. it can be seen in figure (9). 
 
 
Figure 9: Current and voltage waveform for D1 
(a)hard switching (b)soft switching 
Inverter output  current voltage and current waveform for a resistive–inductive load are 
shown in figure (10) and (11) respectively. Inverter output voltage has peak of 310V and frequency 
of 50HZ  which is matched with output load demand. 
 
Figure 10: Inverter output current waveform 
 
Figure 11: Inverter output voltage waveform 
It is seen that the inverter output voltage level is 310 volts at a frequency of 50 Hz, which is 
match with the needs the load. 
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Conclusion 
In this paper a SEPIC type inverter with large voltage gain and high efficiency has been 
introduced. This inverter has some advantage such as simple power circuit in less complicated 
control circuit,  and due to soft switching auxiliary circuit soft switching is provided and losses are 
reduced. It is shown that by using coupled inductor voltage gain considerably increased. Voltage 
gain is achieved without large transformer turn ratio that has drawback of large losses and linkage 
current problems. Although voltage gain is high, switch voltage stress is not increased, So switch 
with lower voltage rating and superior feature can be used. By noted to above feature this inverter is 
suitable for AC module application.    
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